OO 00D http://www.cqvip.com 


B®  S H SE 2002, Jun. 23 (3): 226~ 232 CN 53-1040/Q ISSN 0254 - 5853 
Zoological Research 


Nerve Terminal Types of Sinus Gland and Neurosecretory 
Cell Types of X-organ in Crab Eriocheir sinensis 


WEI Raong-bian, QIU Gao-feng, LOU Yun-dang 
( Fisheries College , Shanghat Fishenes Uiverstvy. Shanghai 200090, Chma ) 


Abstract: The ultrastructure of the X-organ sinus gland complex in sexually immature Chinese mitten crab Ertocherr 
sinensis was examined under the electron microscope. The smus gland (SG) 1s composed primarily of nerve terminals and 
glial cells. The terminal contains a great number of membrane-bound granules, mitochondria. rough endoplasmic reticu- 
lum and electron-lucent vesicles. The profiles of the terminals are sometimes exhibited finger-like projections. The X-or- 
gan (XO} locates at the ventral surface of the medulla terminalis ganglion in the eyestalk, oppusinng to SG. According two 
the features of granule size, shape. electron density and cytoplasm, 6 types of terminals in SG and 7 types of neurosecreto- 
ry (NS) cells m XO were identified. The release process by exocytosis of the granules in SG was observed and a tentetve 
comparison was made for the granules between different types of terminals and NS cells. lt seemed that they had a good 
correspondence since no change in electron density and just a slight increase of sizes was shown. 
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The Chinese mitten crab Eriocheir sinensis , an in- crustacean was flourished up in recent years due to its 
digenous species of China, is a commercially important high econamic value, However, the basic biological re- 
species in Chinese freshwather aquaculture. Especially search of this species was rather rare as to reler to neu- 
in central and eastem China, the cultivation ol this rosecretory {NS) systems. Most ol previous studies 
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mainly concentrated on its ecology, reproductive and 
developmental biology, disease control, conservation of 
genetics resources, while a basic knowledge of its NS 
biology is relatively rare, which is indispensable to 
deal with current problems such as sexual precocious- 
ness for a good culture performance of this crab. 

The X-organ sinus gland complex of the optic gan- 
glion in eyestalk is one of the utmost important neu- 
rosecretory organs in decapod crustaceans, from which 
some neurohormones are Produced and released to the 
circulation. Neurosecretion is very important to many 
aspects of physiological adjustment of crustaceans, just 
as molting, growth, sexual maturation and adaption to 
extemal environment. The medulla ganglion X-organ 
(XO) of crustacean is a main source of neurohor- 
mones. The sinus gland (SG) is the storing site from 
which different types of hormones like erythrophore- 
concentration-hormone ( ECH ).  light-adapting-hor- 
mone (LAH), hyperglycemic hormone (HGH) and 
molting inhibiting hormone (MIH) etc. were released 
into the hemolymph to act their physiological function. 
Until recently, a few papers have been pressed about 
the ultrastructure of the crab E . sinensis, but only the 
ultrastructure of SG was documented (Sun e al., 
2001). Histologically, Qiu (1999) and Kang et al. 
{1998} had studied NS cell types of XO in 
E . sinensis. In other crustacea studied by Chinese re- 
searchers, the microstructure and ultrastructure of XO 
and SG of the crab Scvlla serrata were reported 
(Shangguan & Li, 1994, 1995). and the ultrastruc- 
ture of NS cell of the prawn Macrobrachium rosenbergii 
had also been observed (Yao, 1995). Most of the re- 
searchers outside China focused in SG of various crus- 
taceans (Hodge & Chapman. 1958; Bunt & Ashby, 
1967; Shivers, 1969; Smith, 1974, 1975; Solen- 
berg, 1977; Andrew & Saleuddin, 1978; Weatherby, 
1981}. But none of them has studied XO and SG to- 
gether as a whole. In this article, the ultrastructure of 
SG and medulla terminalis XO of E . sinensis was ex- 
amined, and the typing of their granules was cartied 
out, also a tentative camparison was made between the 
granules of XO and SG. 


1 Materials and Methods 


1.1 Dissection of nervous tissue of eyestalk 

One year juvenile crabs with carapace widths of 6 
~ 7 am were bought from Tumen Read Market in 
Shanghai. The eyestalks were amputated with excskele- 
ton and muscle tissue removed. Then, the optic gangli- 
a were placed in Ringer’s physiological solution and 
dissections were performed. Under microscope SG was 
visualized like a white bean-shaped structure covering 
on the dorsal-lateral side between the medulla interna 
and medulla terminalis. XO was located in the proxi- 
mal part of the medulla terminalis, which opposite 
obliquely to SG. 
1.2 Preparation of specimens for electron mic- 

roscopy observation 

The freshly dissected SGs and XOs were promptly 
placed in ice-cold 2.5% glutaraldehyde in 0.1 mol/L 
phosphate buffer (pH 7.3) for 3-4 hours as primary 
fixation. Followed by a wash with phosphate buffer so- 
lution for 0.5— 1 hour, then postfixed in 1% osmium 
tetroxide (OsO,) solution for 1-2 hours at 4°C. After 
washed in buffer, the specimens were subjected to de- 
hydration in a graded ethanol series and acetone and 
embedded in Epon — 812. Sliced on a LKB ultratame, 
mounted on uncoated copper grids, and double stained 
with 5% uranyl acetate and 2% lead citrate. Exam- 
ined and photographed on a JEM100CX ~- I] electron 
microscope. 


2 Results 


2.1 Sinus gland 

As a blood sinus, SG is composed primarily of 
nerve terminals of unmyelinated axons and dispersed 
sporadically with support cells-glial cells. The temi- 
nals are NS nerve endings characterized by the pres- 
ence of a great number of membrane-bound granules. 
The profiles of the terminals are sometimes demonstrat- 
ed by finger-shaped projections. In additional to NS 
granules. SG terminals can be observed containing 
more or less mitochondria, rough endoplasmic reticu- 
lum, and lots of electron-lucent vesicles. 

Six different types of terminals are classified on 
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the basis of granule dimension, shape, electron density 
and the axoplasmic contents in E . sinensis. The gran- 
ules of one specific type are gathered together and are 
not mixed with the other types'. For convenience of de- 
scription, these types of terminals are designated as 
yel. I, M,N. V. 

Type I terminals contain the largest granules 


and YI respectively. 


with a mean diameter of 645 nm, varying from 421 nm 
to 990 nm, concluding a lot of homogeneous contents 
filled completely within the enclosed mernbrane, ex- 
hibiting a strong electron density. Being distributed 
near to each other, the granules are round or oval, 
sometimes mitochondria are observed, but this type is 
not frequently to be found (Plate I 1). 

The contour of type I] granules are round or near- 
ly round. Almost like type I , they are highly adielec- 
tric granules of diameter 316 — 842 nm, averaging in 
575 nm with uniform dense core contents filled. 2 or 3 
mitochondria are shown neighboring to them (Plate [ 
2). 

Type [M] terminals are characterized by the various 
sizes of granules ranging from 263 nm to 894 nm, 515 
nm in mean, The granules are scattered throughout the 
space of the terminals. not displayed gathering as con- 
trast with type I. Most granules of this type are ellip- 
tical in shape, with electron density of very strong to 
moderately dense. Some rod-shape, waterdrop-like or 
irregular granules can be seen. In Plate Į 3, a muti- 
granules body is illustrated, which contains four gran- 
ules within a single membrane. Overall, type III gran- 
ules are commonly observed. 

The granules of type IV are discerned by their 
sizes of almost unifommity, averaged in 455mm, with a 
range of 316 — 684 nm. Inside the elliptical profiles 
filled with electron dense contents. This type of gran- 
ules are usually found surrounding by relatively more 
mitochondria and numerous electron-lucent vesicles 
(Plate I 4). 

The type V granules are somewhat similar to the 
type I in shapes, electron density, except for their 
sizes as demonstrated in Plate I $. Their diameters are 
410 nm in average, with a span from 263 nm to 500 
nm. Plate I 5 also indicates two granules seems to be 


fused together to form a Peculiar shape like Arabic fig- 
ure of "8", 

The granules of type VI can be obviously distin- 
guished from the other types with their unique charac- 
teristics of spheral uniformity in shape, the medium to 
intense electron density and the distinctive granule di- 
ameters of the smallest one shown as 263 — 447 nm, 
308 nm in mean (Plate I 6). But type VI is not sa 
popular as the other types, and encountered only occa- 
sionally. 

2.2 X-organ 

XO is located on the medial-ventral surface of the 
medulla terminalis ganglion in the decapod crustacean 
eyestalk, In E . sinensis , 7 types of NS cells were iden- 
tified in the medulla terminalis ganglionic XO accord- 
ing to the features of different NS granules and cyto- 
plasm. 

Cells of type 1 are charactered by their largest 
electron-dense granules of mean diameter 603 nm, 
ranging 263 — 1 052 nm in sizes. Not rare to be found, 
the granules of cell type 1 are elliptical or spheral in 
shape. Occasionally, Golgi body can be seen {Plate H 
1). 

The trait of granules of cell type 2 is similar to 
that of cell type 1. Also, this kind of granules is very 
electron-opaque with oval form, and the diameters vary 
from 210 nm to 947 nm, with a mean of 548 nm, indi- 
cating diversity in sizes. Cells type 2 are rather cam- 
mon to be met (Plate [ 2}. 

Type 3 cells also have granules with strong elec- 
tron density, approximately 210 — 789 nm in diameter, 
averaging 497 nm, with round or elliptic outline. Some 
electron-lucent vesicles are scattered adjacent to the 
granules. Accidentally, the granules with the broken- 
ness of membranes can be encountered (Plate I 3). 

Like the gramules of the previous cell types, those 
of type 4 have spherical configuration, which sized 210 
-— 579 nm, 423 nm in average, and same of them have 
fuzzy outline. Generally, the electron density of this 
kind granules is intermediate (Plate J] 4). 

The granules of cell type 5 are often found gath- 
ered together or overlapped each other, with size of 
158- 526 nm. mean as 326 nm, and their shape are 
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often shown elliptic. In addition, the granules with the 
brokenness of membrane was witnessed (Plate [] 5). 

The cells of type 6 contain circular to irregular 
granules of 210 — 526 nm and average 313 nm. These 
granules are moderately or weakly electron dense, and 
sometimes rough endoplasmic reticulum can be discov- 
ered nearby (Plate [1 6). 

The smallest size of 158-421 nm, 273 nm in av- 
erage is the distinctive trait of the granules in cell type 
7, most of which are electron dense whereas some are 
moderate. Occasionally, mitochondria are exhibited 
around and vesicles are seen in the cytoplasm (Plate [I 
7). 

Additionally, organelles like mitochondria and 
rough endoplasmic reticulum are more frequently to be 
observed scattering through the matrix of the cytoplasm 
in NS cells of type 1, 3, 6 and 7 than in those of other 
types. Plate [] 9 shows the abundance of organelles in 
the cytoplasm of type 6 NS cell. 

2.3 Glial cells 

In SG of E. sinensis, some glial cells can be 
found scattering among the terminals (Plate I : 3. 6). 
This kind of cells is non-NS with flattened, elongate or 
irregular shape. It can be observed obviously that the 
dense-dyed heterochromatin is distributed peripherally 
in the nucleus. The cytoplasm contains microtubules, 
and sometimes mitochondna can be met. The glial 
cells stretch out cytoplasmic processes to enwrap the 
axon terminals, like a supporting frame (Plate I 6). 
So they also can be called as supporting cells. 

2.4 Release of the granules 

Ultrastructure observations suggested that the NS 
contents of the granules in E. sinensis might be release 
by exocytosis. The NS granules were formed in XO and 
migrated towards the periphery of the cell (Plate I 8) 
and moved to SG, where they gathered close to the 
basement membrane of the terminals (Plate I 7). Then 
the outline of the terminal membrane crumpled to form 
finger-like projection or “OQ” body (Plate I 8), and the 
granules dropped into it (Plate I 9). Finally the gran- 
ules were excluded into the outer space of terminals, 
and a lot of clearly electron-lucent small vesicles were 
left inside the terminals. Some of them were fused to- 





gether to form a large ones (Plate I 10). 
3 Discussion 


XO is a group of NS cells located at the ventrolat- 
eral side of the medulla terminalis opposite to SG. It is 
believed that in decaPod crustaceans neurschormones 
are produced in XO while SG is responsible for the 
storage and release. Same interested issues should be 
discussed as follows. 

3.1 Classification of SG terminals and NS cells of 
xO 

SG terminals can be distinguished into several 
types according to the features of their granules and cy- 
toplasm. Generally, the classification ts based on the 
dimension, shape and electron density of the granules. 
This principle is also suitable for the typing of the NS 
cells in XO, The number of types of SG terminals and 
NS cells often varies by different researchers and di- 
verse crustacean species studied, which ranges from 2 
to 7. By aid of the electron microscopy, 6 types of SG 
terminals were reported ın the crab Cardisoma carnifex 
( Weatherby, 1981) and in the freshwater prawn 
Palaemon paucidens (Hisano, 1978). 5 types were re- 
Ported in the crab Carinus maenus (Smith, 1974), 
the crayfish Procambarus clarkii (Bunt & Ashby, 
1967) and Astacus leptodactylus (Stwolenberg et al., 
1977), and the prawn Gammarus oceanicus (Brodie & 
Halcrow, 1977). In the crab S . serrata , 4 types of SG 
terminals and 2 types of NS cells (with 4 subtypes for 
each) of XO were observed (Shangguan & Li, 1994, 
1995). There may be 6 kinds of NS cells for XO in 
C .maenus (Smith, 1975) and the same result was 
found in P . paucidens (Hisano, 1976). 

In this study of the freshwater crab E . sinensis , 
our results are similar to the studies as mentioned 
above, which we have identified 6 types terminals in 
SG and 7 types of NS cells in XO, while in previous 
studies only 2 (Qiu, 1999) or 5 (Kang et al., 1998) 
types of NS cells were distinguished on histological lev- 
el. Moreover, in our study the number of terminal 
tyPes is consistent with the findings of the fine structure 
of SG in E. sinensis recently reported by Sun et al. 
(2001). However, the granules’ sizes of SG and XO in 
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our data are somewhat larger than those in other 
workers’. We recorded a value of 645 nm as the aver- 
age diameter for the largest type of granules in SG, 
whereas a maximal mean diameter of 258 um was fig- 
ured out in Sun's report (Sun et al., 2001), whose 
result was more consistent with the other reporters’. 
The difference may be due to the utility of different 
growth stages of crabs, and also the measurement for 
granules not being the same. In our study, we adopted 
sexually immature crabs, and usually measured the tra- 
verse length of the granules under 19 000 magnification 
to calculate their diameter, while the other researchers 
examined with 28 000 for mature male or female crus- 
taceans. Another possible explanation should be that a 
geographica} variation between the crab populations 
would result in the granules of similar appearance being 
different sizes (Smith, 1974). 

3.2 Release of NS granules 

How the neurohormone-containing granules are re- 
leased into the hemolymph circulation is one of the 
main concerns for the crustacean neurobiological re- 
searchers via electron microscopy. Several possible te- 
lease mechanism had been proposed by same previous 
workers, including exocytosis, budding ( Smith, 
1974), and “holocrine secretion” (Shangguan & Li, 
1995). The most common release process reported is 
exocytosis (Sun et al., 2001; Weatherby, 1981; 
Smith, 1974; Bunt & Ashby, 1967). Its general de- 
scription should be that the limiting membrane of the 
granules move close to the terminal membrane, then 
the fusion of both membranes occurred and granules 
come into contact with the axolemma; a finger-shape 
projection or an ” Q” body is formed by membranes fu- 
sion, followed by a rupture in the fused region and ex- 
trusion of the granule contents. Meanwhile, a great 
deal of small electron-lucent vesicles, which seems to 
be the so-called “synaptic vesicles”, are formed and 
accumulated adjacent w the release site. 

Though the main release manner of NS products is 
exocytosis, the chances of observing the complete pro- 
cedure of exocytosis under electron microscopic exami- 
nation are vety limited. In our study, we managed to 
observe a rough process of the release of NS granules 
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(Plate 8; Plate I : 7-10). This is briefly agreeable 
to the usual steps outlined by many researchers. 
3.3 Relationship between XO and SG 

These two structures are of almost opposite loca- 
tion in the optic ganglion of crustacean eyestalk. Neu- 
rohormones are synthesized in XO and are transported 
along a nerve tract to terminals in SG, where the hor- 
mones are stored and eventually released into the circu- 
lation. It is suggested that there be a nerve tract con- 
necting SG to XO neurons. In our anatomy of the eye- 
stalk of E . sinensis , we found many axons which origi- 
nated from XO of the medulla terminalis and sub- 
merged into the underlying neuropile to form a tract 
which run traversely through the ganglion and emerged 
again at the surface, finally ramified as various termi- 
nals in SG. 

If the size of the gramules is the only criteria to de- 
termine their types, then a tentative comparison could 
be made between the granules in SG and XO. With 
such an assumption, we found that granule types in XO 
and SG had a nice correspondence, i.e. granules of 
wpe 1 in XO corresponded to that of type I in SG, 
type 2 of XO matched wore II of SG, and so on. By 
compared with each other. no electron density change 
was found, just their sizes from XO to SG were slightly 
increased, but no significant difference was observed 
(P<0.05). Among the pairs of ype 1- I , type 2- 
II, type 3- I, type 4 — IV and type 6 — YI, the 
granules had a good fitness except for the type 5- V 
pair. A possible explanation should be that our com- 
parison was made under the assumption, which the size 
of the granules was supposed the only gauge for classi- 
fying SG terminals and NS cells of XO. With this pre- 
condition we did find out that excluding the granule 
pair of type 5— V other pairs of type 1- I , type 2- 
I, type 3~ I, type 4- IV and type 6 — VI are same- 
what regularly corresponding in their sizes and shapes. 
Actually, the assorting of XO NS cells and SG termi- 
nals is not only confined to one single criterion, say 
granule sizes, but also determined by the granule 
shape, electron density and cytgplasmic contents. So it 
is plausible that the granule pair of type 5— Y has not 
a good fitness. Then a question arises whether the cor- 
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respondence between the above five granule pairs is 
merely a coincidence or that the granule size is the pre- 
vailing factor in NS cells and terminals typing. We are 
inclined to support the latter, Another favored example 
ean be seen in SG of C.carnifer, where Weatherby 
(1981) found out that the teminals of type A and type 
E, and wpe B and type F are very simular in granule 
shape and density except for their granule sizes. At 
last, he managed to distinguish them by constructing 
frequency histograms of granule sizes. 

Besides, type 7 granules in XO seems have no 
corresponding counterparts in SG. The reason may be 
that there is not a strict conformity of one-to-one curre- 
sponding relationship between the granules of XO and 
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SG, namely it is not the case that one type of NS cells 
in XO rigorously matches one type of hormone granules 
in the terminals of SG. This has been revealed by the 
development of molecular probe technique and some 
researchers have proved it by applying immunocyto- 
chemistry and in situ hybradization. Furthermore, we 
speculated that the type 7 granules in XO might incor- 
porate with other types of granules having reached to 
the terminals in SG. From the fact that the granules in 
SG became a little larger, we conjectured that to form 
mature granules in SG, same chemical changes might 
occur during their migrating processes. In summary, 
the mechanism of the relationship between XO and SG 
is complicated and is not completely understood. 
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Three New Species of the Genus Caenis 


from Hong Kong, China 
( Ephemeroptera: Caenidae) 


TONG Xiao-li', David DUDGEON? 
il, Department of Entomology, College of Resources & Eruronment , 
Sorgh China Agneulnowl Unnerstty , Guangehou 510642, China, ztong(@scau . edu en; 
2. Department of Ecwogy & Biodiærsitv , the Uniursity of Hong Kong , Pokfulam Road , Hong Kong SAR. China } 


Abstract: Three new species of the genus Caems (Ephemeroptera, Caenidae), Caenis aspera sp.nov., Caenis bi- 
corms sp.nov. and Caenis lumea sp.nov., are described from Hong Kong, China. All type specimens are deposited in 
the Insect Collection of Department of Entomology. South China Agricultural University, China. 


Key words: Ephemeroptera; Caenidae; Caenis; New species; China: Hong Kong 
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